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objective. Seasonal influenza is a significant cause of morbidity and mortality in the United States each year. Healthcare worker (HCW) influenza vaccination is associated with both decreased absenteeism among employees and improved outcomes among patients. However, HCW influenza vaccine uptake remains suboptimal. The objective of this study was to characterize HCWs' understanding of and response to a stringent vaccination policy. results. Of those surveyed, 75% ( ) completed the survey; 623 respondents reported regular patient contact, and 91% of those n p 695 reported vaccination in the current influenza season. However, only 60% reported consistently receiving the vaccine every year. Of those who were vaccinated, 8% ( ) reported being vaccinated for the first time during that influenza season. A significant proportion n p 48 (42%) of respondents were unaware of the major change in hospital policy regarding vaccination. Influences on the decision to be vaccinated varied significantly between those who are regularly vaccinated and those with inconsistent vaccination habits. Attitudes toward hospital policy varied significantly by race and clinical role.
conclusions. Although 91% of respondents with regular patient contact reported being vaccinated for influenza in the [2008] [2009] season, only 60% reported consistent annual vaccination. Misinformation regarding hospital policies is widespread. Improvements in vaccination rates will likely require multifaceted, targeted efforts focused on specific influences on less adherent groups. The identified variability in influences on the decision to be vaccinated suggests possible targets for future interventions. Influenza is common among healthcare workers (HCWs). Often, HCWs are unaware of being infected, 1 but both symptomatic and asymptomatic HCWs shed virus. As many as 77% of HCWs will work while suffering from an influenzalike illness. [1] [2] [3] [4] During outbreaks in healthcare settings, laboratory-confirmed influenza attack rates have been documented to be as high as 51%. 5 Influenza vaccination of HCWs has been shown to decrease infection rates, 6 and a growing body of evidence demonstrates that HCW vaccination can improve patient outcomes in healthcare settings. [7] [8] [9] Despite this fact, HCW vaccination rates remain suboptimal in a variety of settings. Data from the US Centers for Disease Control and Prevention suggest that HCW vaccination rates ranged from 44% to 49% nationally from 2006 to 2008.
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10 Documented reasons for failure to be vaccinated vary across studies but have been shown to include inconvenience, safety concerns, and low influenza-associated risk perception. 4, [11] [12] [13] [14] [15] A variety of interventions has been attempted to improve uptake, ranging from mobile vaccination carts visiting hospital units to incentives and hospital-wide education programs. [16] [17] [18] Such interventions have met with varying success.
As HCW vaccination is increasingly considered a key factor in patient safety, many institutions have moved toward requiring vaccinations for all HCWs with patient contact. 19, 20 Although aggressive vaccine policies that stop short of mandating vaccination have generally resulted in improved vaccination rates, their efficacy has not been universal. No previous studies have examined HCW perceptions of these vaccine policies and how perceptions might influence behavior. This study evaluated HCWs' understanding of and response to a stringent vaccine policy adopted by a major medical center. Additionally, the influence of individual HCW factors on vaccination and response to policy were examined. HEIC communicated information about the changes in hospital policy through a variety of methods, including formal and informal meetings with nursing and physician leaders on departmental and, for nurses, unit-based levels. Members of the HEIC Committee were charged with disseminating information in their respective departments, and HEIC staff met with a broad array of hospital committees. The policy change was also widely reported via hospital-communitywide e-mails and in a variety of internal hospital print and electronic news venues. All staff were offered vaccine at multiple vaccine clinics available in central hospital areas over the course of 8 weeks, and vaccine was available in the OHS office for a total of 9 months. Additionally, unit-based vaccination was offered in 58 units. No specific incentives were provided to staff by JHH for vaccination.
Survey Participants and Protocol
During the influenza season in early 2009, a survey was distributed to staff working throughout JHH. The voluntary, anonymous survey was distributed to HCWs attending regularly scheduled staff and educational meetings during our study period. Surveys were distributed at a total of 12 meetings, across a broad range of clinical departments, including ophthalmology, gynecology-obstetrics, pediatrics, surgery, and medicine. Additionally, surveys were distributed in mailboxes for HCWs in a selection of clinical units in medicine, oncology, neurology, psychiatry, and surgery. At the time of distribution, staff were instructed to complete the survey only if they were required to be within 6 feet of patients during their regular workday. Instructions and a $5 gift card to a local coffee shop were attached to each survey.
Survey Instrument
The 20-item survey assessed clinicians' knowledge, attitudes, and beliefs related to both influenza vaccination in general and our hospital's specific vaccination policy in particular. Respondent characteristics, including age, sex, race, ethnicity, marital status, educational level, professional role, and department were also collected. Respondents were asked to confirm that their work included regular patient contact, to report where they received information regarding the vaccine policy during the 2008-2009 season, and to indicate whether specific statements regarding the current policy were true or false. Respondents were questioned regarding their past experience with vaccination, whether they had been vaccinated in the current season, and what type of vaccine they had received. They were also asked to indicate the importance of specific influences on vaccination during the current season by using a 4-point Likert scale (most important, very important, somewhat important, and not at all important). Attitudes about the safety of vaccine and about the hospital's vaccine policy were examined by degree of agreement with specific statements by using a 5-point Likert scale (eg, strongly disagree, disagree somewhat, neutral, agree somewhat, and strongly agree). The Institutional Review Board of Johns Hopkins Medicine approved the study.
Data Analysis
Statistical analysis was performed using x 2 tests to compare survey responses across all professional roles, as well as by age, sex, and race. Four-point Likert scale responses were categorized as "important" if the Likert response was a 1 or 2 and "not important" if the response was a 3 or 4. Fivepoint Likert scale responses were categorized as "agree" if the Likert response was a 1 or 2 and "disagree" if the Likert response was a 3, 4, or 5. Missing values for knowledge and attitudes questions were less than or equal to 5%. In all analyses, a P value of less than .05 was considered statistically significant. Choice of predictors for use in the multivariable model was based on stepwise regression of respondent characteristics, using both backward elimination (P-to-enter, .05) and forward inclusion (P-to-retain, .05). Model fit was assessed using Hosmer-Lemeshow goodness-of-fit testing, and the number of predictors was evaluated to avoid overfitting the final regression model. Collinearity was evaluated using variance inflation factors.
14 Analyses were performed using Stata statistical software, version 9.2.
results

Respondent Characteristics
The survey was distributed to 928 personnel at JHH, with 75% ( ) completing the survey; of those, 90% n p 695 ( ) confirmed that they had regular patient contact n p 623 (336 nurses, 224 physicians, 22 medical or nursing students, 22 environmental and administrative staff, and 19 others). Of those with regular patient contact, 91% reported receiving influenza vaccination during the current influenza season, but only 60% ( ) of those with regular patient contact n p 376 reported being vaccinated each year. Comparison of vaccination status by sex, race, and professional role is shown in Table 1 . We noted significant differences in vaccination rates note. Data are percentage of all respondents with patient contact responding "true," "false," or "don't know." Percentages may not equal 100 as a result of rounding.
by role and race. No differences in vaccine uptake were noted on the basis of sex or age.
Policy Awareness and Knowledge
In an effort to improve vaccine uptake among employees, the JHH has instituted a variety of policy changes, as noted above.
We noted that 42% of respondents were unaware that there had been any policy change during the influenza season in which they were surveyed. The majority believed incorrectly that vaccination or wearing of a surgical mask was required regardless of whether the employee had contact with patients. More than 7% were unaware of the prominently advertised ID tags distributed to those who had been vaccinated so that they would be easily identifiable to their supervisors. More than 25% were unaware that the hospital had an active declination policy. Respondents' knowledge of the current influenza policy is summarized in Table 2 . Sources of information regarding vaccination varied among respondents. Eightythree percent of respondents reported receiving information from a supervisor. Among those reporting receiving vaccination information in other ways, communication sources included online newsletters (70%), print newsletters (13%), and hospital signs or banners (10%).
Factors Influencing the Decision to Be Vaccinated
We identified significant variability in factors influencing the decision to be vaccinated, based on whether the respondent received vaccine consistently each season or was inconsistent in his or her vaccine uptake. Of note, those who reported receiving vaccine every season were more likely than inconsistent vaccinees to believe that the vaccine protected them against flu and prevented the spread of flu to their patients or their families. Those who were inconsistent in their uptake were more likely to report that external factors such as the mask requirement or supervisor expectations were strong influences on their vaccination decision. These variations are summarized in Table 3 . Perception of supervisor and institutional expectations were found to be significantly more important among those with inconsistent vaccine practice. Furthermore, the significance of workplace expectations were found to vary by sex, race, and professional role, as reflected in Table 4 .
Attitudes toward Hospital Vaccination Policy
Respondents were asked about their attitudes toward the hospital's current vaccination policy. We found significant differences in attitudes toward the vaccination policy on the basis of respondents' usual vaccination practice, as reflected in Table 5 . Those with inconsistent vaccination practice were less likely to believe that the policy had an impact on influenza prevention and more likely to feel that the policy is unfair. In multivariable analysis, when age, race, and sex were controlled for, nurses were more likely than physicians and nonclinical staff to feel that the policy was unfair and put too much pressure on staff. As reflected in Table 6 , multivariable analysis revealed that belief in the effectiveness of the policy to impact outcomes varied significantly by race and professional role.
discussion
Evidence continues to accumulate demonstrating that the vaccination of HCWs for seasonal influenza can significantly impact patient outcomes. 3 Nevertheless, national vaccination note. Data are percentage of respondents with regular patient contact responding that a given factor is the "most important" or a "very important" influence on the decision to be vaccinated. a Statistically significant difference across groups. note. Data are percentage of those currently vaccinated and having regular patient contact responding that expectations of their supervisor, occupational health, or the hospital were the "most important" or a "very important" influence on their decision to be vaccinated. a Statistically significant difference across groups.
rates among this group remain far below targets. 10 The reasons given for the persistence of this disparity, despite significant efforts to improve uptake at a variety of institutions, vary widely from access, to cost, to beliefs about efficacy and adverse effects. What has been less clear is what impact specific policy changes, short of mandatory vaccination, have on HCW attitudes and behavior. In this study, we examined how changes in our policy were understood and perceived by hospital staff and which elements of the policy appeared to influence behavior.
Despite aggressive, targeted publicity and notifications, we found that effective communication regarding hospital policy appeared to be lacking, potentially engendering confusion and furthering misperceptions and mistrust. This is exemplified by the significant proportion (42%) of HCWs who were unaware of policy changes and the fact that greater than 50% reported incorrectly that the policy applied to staff without patient contact. Such broad misconceptions of the policy further call into question whether institutions have been as effective as they may have hoped in communicating the rationale and importance of vaccination to staff.
In this study, we also found that those who are consistently vaccinated tended to make their decisions on the basis of the belief that vaccination is effective at keeping them, their patients, and their families healthy. Although those who are inconsistent in their vaccine practice do report that vaccine note. Data are percentage of respondents with regular patient contact who "somewhat agree" or "strongly agree" with each statement. There was a statistically significant difference between groups for all statements. effectiveness is important, they are more likely than those who are vaccinated regularly to be driven in their decision making by external requirements, such as mask wearing and supervisor or institutional expectations. Such findings suggest that although external inducements may impact behavior intermittently, as expected, they are less likely to have the ability to change behavior over the long term. Furthermore, the group that is inconsistently vaccinated is also more likely to believe that the policy is unfair and puts too much pressure on staff to participate. The combination, then, of a group that is less likely to think that the policy is effective and more likely to think that it is unfair may be a group at risk for increasing institutional mistrust and discontent. Additionally, our findings confirmed those of other studies [21] [22] [23] that found significantly lower vaccination rates among African Americans, even among those with regular patient contact. Studies in other contexts have shown that African American patients are less likely to trust healthcare institutions and providers. 24, 25 Such mistrust, which may also influence decision making regarding vaccination among African American employees, does not appear to be easily overcome with the communication and education strategies used to date. We have found, as might be expected, that perception of vaccine effectiveness is linked to consistent vaccine uptake. It would therefore seem a reasonable hypothesis that impacting health beliefs, which have been documented to vary by race in a wide variety of settings, [26] [27] [28] would be an important strategy for improving adherence. However, it remains unclear precisely what factors may result in changes in either levels of mistrust or health beliefs among African American employees. It is also unclear what factors drive the differences we found in perception of vaccine effectiveness between physicians and nurses.
The conclusions of our study are limited by the fact that our survey was administered at only one institution and sampled only a subset of hospital employees. However, this survey methodology has been previously reported, 29, 30 our population reflected a broad range of specialties and professional roles, and our response rate among our target population was high (75%), increasing the likelihood that our results are generalizable.
In summary, our findings suggest a need for more investigation of factors influencing HCW beliefs about vaccine effectiveness in order to tailor policies and programs to address not just adherence but the drivers behind it. Although we agree that mandatory vaccination will likely significantly improve adherence, the perception of unfairness and excessive pressure on the part of the institution is not a trivial concern. Policies that foster trust, rather than mistrust and resentment, are likely to be far more effective in the long run. Further investigation is warranted to assist in the development of such policies.
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